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EXECUTIVE SUMMARY

A Safety Relief Valve test program was conducted at the Grand
Gulf Nuclear Power Station, Unit 1 on April 23 through 25,

1985. The purpose of the Grand Gulf test program was to confirm
that the Grand Gulf SRV hydrodynamic locads and their effect on
structures and equipment are: (1) less than design, and (2)
consistent with the loads and effects predicted by analytical
technigues.

This report describes the testing, test instrumentation, data
reduction and presents the results of the Grand Gulf in-plant
Safety Relief Valve (SRV) Test. Major conclusions drawn from
data reduction of the SRV test conducted at Grand Gulf are as
follows:

The measured peak pressures during the single valve first
actuation (SVA), consecutive actuation (CVA) and the
simultaneous actuation of multiple valves (MVA) are well
below the design values for Grand Gulf.

The pressure time history data compare favorably to the
methodology developed by the General Electric Company and
reported in GESSAR. This is published as Appendix 6D of the
Grand Gulf FSAR. The air clearing/water spike, observed in
the Kuosheng tests, is less pronounced at Grand Gulf. The
CVA time histories are similar to that predicted by GESSAR,
including a similar ratio of peak positive to peak negative
pressure.

The measured strains in the basemat and the containment
liners, the quencher supports and the submerged structures
are considerably less than the predicted values.
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o The peak measured accelerw.tions at all locations are well
below the design values.

o The enveloped acceleration response spectra for SVA, CVA and
MVA are well below the Grand Gulf SRV design spectra. There
are some minor exceedences in the high frequency range of the
spectra. However, as expected, these have little influence
on the structural response.

Based on the above it is concluded that the effects of SRV
hydrodynamic loads have been adequately covered in the original
plant design and there are substantial margins in the SRV
discharge loads, and their preaicted effects, used for the Grand
Gulf design.
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1.0 INTRODUCT ION

A major portion of the planned Safety/Relief Valve (SRV)
Discharge test for the Grand Gulf Nuclear Station was
conducted April 23 through April 25, 1985. This program
was formulated to meet Mississippi Power and Light Com-
pany's (MP&L's) commitments as outlined in Reference 1
and modified by Reference 2. This test program provided
measurements of the supp . ession pool hydrodynamic loads,
submerged structure strains and acceleration response of
the reactor building structures and equipment. In addi-
tion, data was collected to permit a fatigue evaluation
of safety related equipment when subjected to building
response induced by SRV dJdischarge loads.

The test instrumentation and planned test matrix are
fully described in the Test Plan, Reference 3, with the
test procedures provided in References 4 and 5.

Data was collected for one shakedown test, three-initial
actuations of a single valve (SVA) followed by a consec-
utive valve actuation (CVA) of the same valve with an
elevated pipe temperature, and one four valve multiple
valve actuation (MVA). The test program was suspended
at this point because all test valves were leaking and
additional testing was not practical until cold pipe
discharge lines could be re-established.

This report describes the instrumentation, data acqui-
sition system, data reduction methods, a brief descrip-
tion of the real time data collected during the test and
the acceptance criteria used. A discussion of the
results of the measured pressures, strains and accelera-
tions is presented in Section 7. Measured Grand Gulf
results and a comparison to the reported test results
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from the SRV tests performed at the Kuosheng Nuclear
Power Station in August, 1981 are presented in Sections
8 and 9.
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2.0

TEST OBJECTIVES

The primary objective of the SRV in-plant test was to
provide sufficient information to confirm the adequacy
and conservatism of the analytical models used in the
Grand Gulf containment design with respect to loadings
from SRV actuations. The test matrix was established to
provide measurement of Grand Gulf unique pool pressure
time histories, structural loads, and acceleration
responses during various SRV actuations. Multiple tests
were planned to establish a statistical basis for the
95-95 confidence level used in the original design data
base.

A secondary test objective was to show that the SRV
imposed loads produce small stresses in the plant
equipment and that SRV discharge fatigue effects would
not limit the life of individual pieces of equipment.
The fatigue effects results are included in a separate
report.
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3.0

3.1

INSTRUMENTATION SUMMARY

Pressure transducers, strain gauges, and accelerometers
were installed to measure suppression pool pressures,
internal pipe pressures, induced strains, and structural
and equipment response to the SRV hydrodynamic loads.
Tables 3.1 through 3.5 provide identification, location
and environmental classifications of the installed
instrumentation. Environmental conditions corresponding
to each classification are defined in Table 3.6.
Instrumentation locations are illustrated in Figures 3.1
through 3.12. Appendix A provides a description of the
signal conditioning equipment and data acquisition system
(DAS) used to process and record information from the
installed instrumentation. Appendix B provides details
on the operating characteristics of the individual
pressure transducers, strain gauges and accelerometers
used for the SRV test, The system and instrumentation
used to measure and record the data taken during the
Grand Gulf SRV test has been qualified by use in similar
testing and qualification of the individual pieces that
make up the total instrumentation package.

Instrumentation

The suppression pool boundary pressure data was col=-
lected using twenty six pressure transducers located on
the basemat, the drywell, the containment, and the weir
wall as showr in Table 3.1 and Figures 3.1 and 3.2.
Four high range and two low range pressure transducers
were located in the V-12 safety relief valve discharge
line (SRVDL), and in the quencher hub and arm for
quencher V-12 as shown in Table 3.1 and Figures 3.2,

MPL-01-220 -
Revision 0



3.3, and 3.6. The low range pressure sensors (P25 and
P28) were installed to provide an indication of the V=12
SRVDL reflood behavior.

Thirty four strain gauges were installed to collect
representative strain data during the matrix tests. As
noted in Section 3.3, two strain gauges (SG9 and SGlS5)
suffered irrepairable mechanical damage prior to the
tests; therefore, thirty two (32) channels of strain
data were collected for each of the seven tests
performed. Strain gauges were located on the V=12
quencher support, the containment base and wall liner
adjacent to quenchers V-10 and V=11, and on submerged
piping. The locations of strain gauges are shown in
Table 3.2 and Figures 3.4 and 3.5. An additional twenty
(20) strain gauges were placed on reactor building
equipment to determine the SRV discharge load fatigue
stresses on plant equipment. These strain gauges were
recorded on the DAS but the discussion of results for
these gauges is not part of this report and is covered
separately.

Fifty-six channels of accelerometer data were collected
for each of the seven tests. As shown in Tables 3.3,
3.4, and Figures 3.7 through 3.12, fourteen accelero=-
meters were located on the containment vessel, five sets
of biaxial accelerometers mounted on the drywell, two
sets on the RPV pedestal, and two biaxial sets in the
Auxiliary Building. 1In addition, eight sets of triaxial
accelerometers were mounted on the polar crane, hydrogen
recombiner and five valve actuators.

All instrumentation was calibrated in accordance with
the calibration procedures. Due to the long time inter-
val between instrumentation installation and testing all
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pressure sensors and accelerometers were recalibrated
prior to testing.

3.2 Accuracy of Instrumentation

The total end-to-end accuracy /from the sensing element
to data recorder) of each sensor group in the Grand Gulf
In-Plant SRV test was analyzed to determine instrumenta-
tion system compatibility with respect to expected test
results., As described in Appendix B the following
sensor types were used tc measure data:

1) Bell & Howell pressure transducers
2) Teledyne Taber pressure transducer
3) Endevco Accelerometers
4) Ailtech strain gauges

Data from the sensors were recorded on magnetic tape.
Table 3.7 lists the accuracy of the recording system for
each sensor. Tables 3.8 through 3.10 summarize the
results of the data accuracy analysis. Note that all
data were filtered at 200 Hz before being recorded on
magnetic tape.

An estimate of sensor accuracy can be determined if the
following characteristics are known regarding the data
and the data acquisition system:

1) Accuracies of the data acquisition system compo=-
nents, from sensing element to recording of the
data, and the appropriate conditions to apply these
accuracies.

2) Characteristics of the data recorded, such as
magnitude and frequency.
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3) Test conditions which influence the data. These
can include noise, vibration, and temperature
effects.

In determining the accuracy of the Grand Gulf SRV test
data, the maximu@ or peak values were chosen for each
sensor group. The following sections discuss the data
obtained for each sensor group.

3:3:1 Pressure Transducers

Pressure transducers in the Grand Gulf test were the
normal operating temperature Bell & Howell CEC-1000-0207
(0 to 100 psia), the high temperature Bell & Howell
CEC-1000-0208 (0 to 1000 psia) and the Teledyne Taber
2215 (0 to 50 psia). The CEC-1000-0207 transducers were
used to measure suppression pool pressure, while the
CEC-1000~0208 transducers were used to measure discharge
line and internal quencher pressures. The .eledyne
Taber transducer was installed to provide an irdication
of the SRVDL reflood height.

As shown in Table 3.8, the total accuracies for the
pressure data are influenced by three components in the
data gathering system:

1) Bell & Howell or Teledyne Taber pressure transducer
2) Vishay signal conditioner
3) QSI data acquisition system

The Bell & Howell pressure transducers have a maximum

error of $0.20% of full range output (FRO) for the 0 to
100 psia transducers, and $0,22% for the 0 to 1000 psia
transducers. The Teledyne Taber pressure transducer has
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a maximum error of £0.5%. These errors are primarily
affected by non-linearity, hysteresis, non-repeatability
and thermal effects.

The Vishay 2100 signal conditioner has a maximum error
of £2% on amp gain &nd %1% on calibration, yielding a
total error of £2.2%.

The Quad Systems, Inc. Model 721 data recording system
has an accuracy of $1/2 least significant bit (LSB). In
a 12-bit, %5 volt full scale system, this implies an
accuracy of 20.00122 volts.

As shown in Table 3.8 the overall accuracies of the
pressure transducers is 14% of the peak measured
pressure.

3.2.2 Accelerometers

Accelerometers for the Grand Gulf SRV test were either
Endevco 7703-100, 7704-~100, 7705-200 or 7708-200
isoshear piezoelectric devices. The 7703 and 7704
accelerometers (0-500 g's) were outside containment
sensors while the 7705 and 7708s accelerometers (0 to
150 g's) were located inside the containment and
drywell.

As shown in Table 3.9, the total error for the accel=-
erometer data are affected by three components in the

data gathering system:

1) Endevco accelerometer

MPL=-01=220 35
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2) Endevco charge amplifier or remote charge converter
signal conditioner

3) QSI data acquisition system

The maximum error of the Endevco accelerometers is £5.8%
based on linear deviation of £5% from 1 Hz to 4 KHz and
a transverse sensitivity of 3%,

The Endevco 2721 AMl charge amplifiers have a frequency
response of #5% and gain accuracy of #2%. This implies
an overall accuracy of $7.0%, The Endevco line driver
signal conditioner/power rack 4479.1M3/4902 and 2652 M1l
remote charge converter maintain a maximum system error
of £3% of full scale.

As stated previously, the QSI-721 data acquisition
system is accurate to 20.00122 V,

As shown in Table 3.9 the overall accuracy of the
accelerometers range from #6.5 to 2#10.6% of the peak
measured accelerations.

3.2.3 Strain Gauges
Ailtech Model MG125 weldable gauges were used to gather
data on pool structures and piping. These gauges have
rated strain levels of £20,000 uin/in.
The Ailtech gauge factor maximum error is 23%. The
accuracy of the Vishay 2100 has been previously
discussed in Section 3.,2.1.
As shown by Table 3.10 the overall strain gauge accuracy
is 24% of the peak measured strain,
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3.2.4 Summary

Many of the readings taken during the SRV tests were of
small magnitude compared to the capabilities of the
measuring devices. The above discussion demonstrates
that despite these small magnitudes the instrumentation
has the capability to provide measurements of the data
which are within £10%. This is well within acceptable
limits of accuracy.

3.3 Failed or Suspect Sensors

Failure or erratic performance of some instrumentation
is inherent when conducting in-plant tests. Upon
reviewing the reduced data, sensors which failed or
behaved erratically were identified, Table 3.11 lists
these sensors and includes remarks on the effect of
their failure with respect to the overall objectives of
the test program. Results from all sensors listed in
Table 3.11 are ignored in this test report for the
matrix test, or tests, in which they failed or were
suspect. The failure of strain gauges SG9 and SGl5 was
known prior to the tests and channels were not recorded
on the data acquisition system. This reduced the total
number of data channels recorded from 142 to 140.

MPL=01=220
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Table 3.1

PRESSURE TRANSDUCER LOCATIONS AND RESPONSE RANGES

0 uotTstA®Y
0ZZ=T0="1dW

SENSOR >ENDS LOCATION EXPECTED ‘ o ENVIRON-

TYPE ELEVATION | WADIUS | RESPONSE MENT

Pressute

Fressure

Pressurce

Pressure

Pressure

Pressure

Pressure

Pressute

Pressure

Fressuce

Pressure

Pressure

Pressare

Pressute

Pressure

PFressate

sE'-0 1I/4"
93'-0 /4"
93'-6"
107*-0"
102*-4"
98'-0 1/4"
93'-0 1/4"
931'-0 /4"
931 -6"
%8*-0 1/4"
er*-0*
93*-0 1/4"°
98°-0 1/4"
93'-0 /4"
%8'-0 /4"

$8'-0 1/4"

41" -8

54" -10"
62*-9"

44 °-4"
41'-6"
41'-e"
S1°-3 /8"
48" -0
62"-0"
62°-0°
62'-0"
4°-2 /8"
41" -s"
S1°-4 /8"
62°-0"

S8 *~4*

19-35 psia
10-35 psia
10-35 psia
10-35 psia
10-35 psia
10-35 psia
10-35 psia
10-35 psia
10-35 psia
10-35 psia
10-35 psia
10-35 psia
10-35 psia
10-35 psia
10-35 psia

16-35 psia

El
El}
El
El
El
El
El
El
El
El
El
El
El
El
El

El

rSuppcc-.loo Pool
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Table 3.1 (Concluded)
PRESSURE TRANSDUCER LOCATIONS AND RESPONSE RANGES

SENSOR LOCATION EXPECTED FREQUENCY ENVIPON-
[IPE in AZIMUTH ELEVATION Fws RESPONSE RANGE MENT NOTES
Pressure P17 L L o 931*-0 1/4" $1*-6* 10-35 psia 0-200 Wz El )
)
Pressure P8 255° 93°-0 1/4° 51°-6" 10-35 psia 0-200 Wz £l ) Suppression Pool
)} Semsors
Pressare P19 309* 23°-0 1/4° S1'-6* 10-35 psia 0-200 Wz El )
Pressure P20 195 923°-0 /4" S1*-6* 10-35 psia 0-290 Hz El )
Pressure P2y ] 2 See Figure 3 3 -~-~--~ 0-400 psia 0-200 w2z ES - Downstream of SRV
Pressure P2 | - See Figure 3 3 -——~--- 0-400 psia 0-200 wz ES - Downstream of SRV
Pressure P23 ~susonefop Piguse 3. 3~ 0-700 psia 0-200 Hz 4 = Inside Quencher Hub
Pressure P24 | - See Figure 3 3 ~—---- 0-700 psia 0-200 Wz (X ] - Inside Quencher Arm
Pressure P2s cemere-See Figure 3 3 ---—~~ 0-25 psia 0-200 Wz ES - Low Range Pressure Sensor
- Downstream of SRV
Pressure Pie iz* L bl M- 10-35 psia 0-200 Wz ¥l Welr Wall
Pressure »27 12* 100" -2* -0 10-35 psia 0-200 Hz El Weir Wall
Pressure P J 2 erweeaw See Figure 3 6~~~ 0-1315 psia 0-2060 Wz E2 = Low Range Pressure Sensor
-~ V-12 Air Bleed System
Pressuer 29 200 24°-5 S/1* 43" -8 10-35 psia 0-200 nz Fl Suppression Pool
Sensors
Pressure P30 456 94*-5 S/1* 43" -6~ 10-35 psia 0-200 w2z El
Pressure 3l 119°50" 94*-5 S/ 431" -6" 10-35 psia 0-200 Wz El
Pressure vi2 120°10° %94°-5 S/1* 43" -6" 10-35 psia 0-200 wz £l
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Table 3.2

STRAIN GAUGE LOCATIONS AND RESPONSE RANGES

SENSOR m FREQUENCY ENV IRON-

reee o ATimuTa] ELEVATION [ eAbius in/in RANGE __MENT

Strain Gage | SGl | 93°-0 1/8° $3°-3* 0.0001-0.001) 0-200 w2z El Short Plate Axis

Strain Gage | SG2 L 93'-0 /4" $3* -3 0.0001-0.001 0-200 nz £l Long Plate Axis

Strain Gage sG3 o 93°-0 /8" &0*-3* 0.0001-0.001 0-200 nz El Short Plate Axis

Strain Gage | SG4 0 93°-0 /8" 60" -3* 0.0001-0.001 0-200 Wz El Long Plate Axis

Strain Gage | SG5 | ------- See Figure 3.4 ---—-- 0.0001-0.001 | 0-200 Wz Fl Axial, Quencher Base
Strain Gage | SG& - -Spe FPigure 3 . 4------ 0.0001-0.00} 0-200 Wz el Axial, Quencher Rase
Strain GCage SE€Y? | —wreem- See Figure 3 . 4------ 0.0001-0.001 0-200 w2 £l Axial, Ouencher Rase
Strain Cage 4.8 mmeee--See Figure J 4------ 0.0001-0.001 0-200 w2z ¥l Rosette, Quencher BRase
Strain Gage SGY ~m=re—=See Figure 3 4 ----— 0.0001-0.001 0-200 w2z (3] Rosette, Quencher Rase
Strain Cage M40 § e See Figuwre 3 4---~-- 0.0001-0.001} 0-200 wz Fl Rosette, Ouencher Base
Strawin Gage SG1l L o 3" -0 /8" S53*-0" 0.0001-0.001 0-200 nz £l Short Plate Axis

Strain Gage S 2 L 93 -0 /8" $3°-0" 0.0001-0.001 0-200 wz el Long Plate Axis

Strawa Gage SGi) 8.5* -0 1/4" 62 -0~ 0.0001-0.001 0-200 w2z El Vertical

Strain Gage SGI4 0.5* %W*-0 170" &2'-0" 0.0001-0.001 0-200 Mz el Hor izontal
Strain Gage SGIS ~~=See Figures 3 .4 and 3.5 -~ 0.000)-0.001 0-200 Hz (3] Axial, RCIC turbine exhaust
Strain Gage | SGI6 | ---See Figures 3.4 and 3.5 -- 0.0001-0.001 | 0-200 2 £l Axial, RCIC turhine exhaust
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Table 3.2 (Continued)
STRAIN GAUGE LOCATIONS AND RESPONSE RANGES

| EXPECTED
SENSOR RESPONSE FREQUENCY ENVIRON -
Tree '™ FEEEEFI'%%%%%% [ *oies in/in RANGE MENT NOTES
Strain Gage| sSG17 ~~See Figures 3 gand 3 § - 0.0001-0.001 0-200 wz El Axial, RCIC turbime exhaust
Strain Gage sSGle ~~See Figures 3 4 and 3.5~ 0.0001-0.001 0-200 w:z El Axial, RCIC turbine exhaust
Strain Gage| SGI9| --See Figures 3 _4and 3.5- 0.0001-0.001 | 0-200 uz £l Axial, RHR A pump test
Strain Gage| SG20| --See Figures 3.4 and 3.5- 0.0001-0.001 | 0-200 Hz El Axial, RHR A pump test
Strain Gage| SG21| --See Figures J.4and 3.5- 0.0001-0.001 | 0-200 Mz El Axial, RHR A pump test
Strain Gage|] SG22| --See Figures 3. 4and 3.5- 0.0001-0.001 | 0-200 uz El Rosette, RHR A pume cest
Strain Gage ] SG23 ~~See Figures 3 .4and 3.5~ 0.0001-0.001 | 0-200 Mz £l Rosette, RUR A pump test
Strain Gage| SG24 | --See Figures 3J.4ana 3.5- 0.0001-0.001 | 0-200 Hz €l Rosette, KHK A pump test
Strain Gage | sc2s| e.5* 109°-1 1/72°] e2*-0" 0.0001-0.001 | 0-200 Mz El Horizoatal
Strain Gage | sG2e | o.5° 109 -1 1/2°] e2'-0" 0.0001-0.001 | 0-200 Mz €l Vertical
Strain Gage| sc27| #.5* -0 14" 62" -0" 0.0001-0.001 | 0-200 Hz el Horizontal
Strain Gage | sc2e | 8.5° 9w -0 1/ 62" -0~ 0.0001-0.001 | 0-200 mu:z £l Vertical
Strain Gage| se29)| --——-—-—- See Figure 3.5 —--oun 0.0001-0.001 | 0-200 Wz El .Rosette, Quencher Base
Strain Gage | SCGWO | -~ ---See Figure 3.5 ———-~- 0.0001-0.001 | 0-200 H:z El Rosette, Quencher Base
Strain Gage ] se3i | -----——- See Figure 3.5 —-—-—- 0.0001-0.001 | 0-200 w2 El Rosette, Quencher Base




0 UoTETADY
0ZZ~10~"1dNW

STRAIN GAUGE LOCATIONS AND RESPONSE RANGES

Table 3.2 (Concluded)

Strain Gage
Straia Gage
Stramm Gage

SGi)

-

-

0.0001-0.00)
0.0001-0.001

0.0001-0.001

0-200 Mz
0-200 Hz
0-200 Wz

Axial, Quencher Base
Axital, Quencher Base
Axial, Quencher Base

t1'¢




Table 3.3
LOCATION OF ACCELEROMETERS - STRUCTURE

Sensor Location
Environ=- Ditoc-(l)

LI.D. Azimuth | Elev. Radius ment tion
Reactor Building Sensors:

Al 33° 93.0' 65'0" E2 R
A2 3" 93.0' 65'0" E2 v
Al 32° 109.12" 65'0" E2 R
Ad kb o 109.12°' 65'0" E2 v
AS Jo2e° 109.12° 65'0" E2 R
A6 302° 109.12°' 65'0" E2 T
A7 0e 147.58" 62'0" E2 “
A8 0e 147.58° 62'0" E2 v
A9 270° 147.58" 62'0" E2 B
AlO 270° 147.58" 62'0" E2 T
All 32¢ 237.0" 62'0" E2 -
Al2 32° 237.0° 62'0" E2 v
Al3 33° 302,25’ 0'Q" E2 v
Ald 32° 302.25" o'o" E2 Bl
AlS 32° 120.83° 41'6" E2 R
Al6 33° 120.83°" 41'6" E2 v
Al7 3o2° 120.83" 41'6" E2 -
AlS8 J02° 120.83° 41'6" E2 T
Al9 0° 147.58" 41'6" E2 <
A20 0 147.58" 41'6" E2 v
A2l Joa2° 184.5" 41'0" E2 3
A22 Jo2° 184.5" 41'0" E2 T
A2l 32°¢ 208.83' 41'6" E2 3
A24 32° 208.83" 41'6" E2 v
A25 0® 100.75" 10'7" E2 ®
A26 0° 100.75" 10'7" E” v
A27 270° 100.75" 10'7" E2 R
A28 270° 100.,75" 107" E2 T
Auxiliary Building Sensors:

AS3 32° 93.0° 68'0" E2 R
AS54 32° 93.0' 68'0" E2 v
ASS * 184.5" 66'0" E2 v
AS6 32°¢ 184.5' 66'0" £2 2
NOTES: (1) R = Horizontal, radial

V = Vertical
T = Horizontal, tangential

MPL~01-220

Revision 0 3.13
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Table 3.4
LOCATION OF ACCELEROMETERS - EQUIPMENT

Equipment
Description

Azimuth

Elevation

Direction

Polar
Crane
Girder

237'0"

R (0°-180°)
v
(90-270°)

Crane to be
parked on

=8(1220-3029)
azimuth during

tests

Base of
Hydrogen
Recombiner

208'1lo"

Top of
Hydrogen
Recombiner

208'10"

Note:

Environmental conditions are all E2.

MPL~-01-220
Revision 0
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Table 3.5
LOCATION OF ACCELEROMETERS - PIPING
SENSOR | BECHTEL ELEVATION DIRECTION | DATA PIPE EQUIPMENT
ID DRAWING (1) POINT CLASS DESCRIPTION
NO. /Rev. NO.
A3S8 X Valve Operator
A39 HL-1348E 101'-9* Y 140 18"-GBB-17 | #Q1E12G014-
A40 2 FO0O3B-B
A4l X Snubber(X)
A42 H-1328J/D| 149°'3-1/2" Y 30 12"-DBA-17 | #01B21GO26R0O3
A43 yA
Ad44 X Valve Operator
A4S HL-1348A 126'9-3/4" Y 135 20" -DBA-64 | #01E12G012
A46 Z -F009-B
A47 X Valve Operator
A48 HL-1348F 167*1-1/2" Y 751 12"-GBB-115| #Q1E12G015
A49 Z -FO37A-A
AS0 X Valve Oper.
AS1 HL-1348F 170'9-1/2" Y 216 18"-GBB-118| §01E12G015
AS52 A -F028B-B
Notes: 1. X = horizontal, azimuth 90°

Y = vertical up

Z = horizontal, azimuth 180°
2. Environmental conditions are E2 for all sensors, with the
exception that the maximum temperature is 450°F.




(1)

(2)

(3)

(4)

MPL-01-220
Revision 0

Table 3.6

MAXIMUM EXPECTED SENSOR ENVIRONMENTAL CONDITIONS

El - Conditions in Suppression Pool

rluid. LR A AT S N A S B S N A O L L L L B L L L
Ft‘.'ur’. PR EREEEEEEEE E E I I I
T.mp‘r‘tur‘. 'EEEREEEEEEE R R I I

E2 - Conditions in Drywell/Containment

Fluid. N R R R EEE R E I B B
Pr.ss“re. ' FEEEEEEEEEE i L A I
R.lativ. Humidity. 'R A T I I B
Temp‘rature. "E R EEEEEEE

E3 - Conditions in SRV Discharge Line and

Quencher Assembly

Fluid......00'....0.0...000..‘..0.....0.0
T.mp.ratutel " EEEEEEEEE =
Pressure (Quencher Assembly)essesscvsesass
Pr‘s'ur. (SRV Lin‘) PR R D B N N I R I B I B B

E4 - Combination of El and E3

Water
50 psia
S0°F=200°F

Air

42.2 psia
100%
135°F

Water/Steam/Air
400°F

700 psia

400 psia

Sensor will be in the SRV discharge line and the "outside"
of the sensor und its cabling will be exposed to

conditions in the drywell.

o

.16
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Table 3.7

DATA ACQUISITION SYSTEM ACCURACY

Data Acquisition System Accuracy #1.22 mV

Sensor Calibration Accuracy
Pl to P20, P25 to P32 100 mV/psi 0.012 psi
P21 to P24 5 mV/psi 0.24 psi
Al to A6, A38, A39, AS3, AS4 1000 mV/g 0.00122 g
A7, A9, All, Al4, Al5, Al7, Al9 8333 mV/g 0.000146 g
A21, A23, A25, A27, A32, A35
A8, AlO0, Al2, Al3, Al6, AlS8, 25000 mV/g 0.00005 g
A20, A22, A24, A26, A28, A33
A34, A36, A55, AS5S6
A29 4166 mV/g 0.00029 g
A30, A3l 12500 mV/g 0.00010 g
A37 2500 mV/g 0.00049 g
A40 3333 mV/g 0.00037 g
A4l to A52 833 mV/g 0.00146 g
SGl1 to SG34 4 mV/ uin/in 0.31 uin/in

MPL-01-220 3.17

Revision 0
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Table 3.8

PRESSURE TRANSDUCER ACCURACY (%)

Pl to P20
Sensor P25 to P32 P21 to P24

Peak Reading (psid) +7.44 282
Transducer Error (psid) 0.20 0.22
Signal Conditioner

Error (psid) b Sute
Data Reco;der 0.012 0.24
Error (psid)

SRSS Total Error (psid) 0.298 8.47
Percent Error 4.00 3.00

MPL=-01-220 3.18

Revision 0O
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Table 3.10

STRAIN GAUGE ACCURACY (%)

Gauge Sl to S34

Peak Reading ( uin/in) 50
Gauge Error ( win/in) 1.5
Signal Conditioner Error ( uin/in) 1.5
Data Recorder Error ( uin/in) 0.31
SRSS Total Error ( win/in) 2.14

Percent Error 4.3

MPL-01-220 3.20
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Table 3.11
FAILED OR _SUSPECT SENSORS

Sensor Sensor Af fected Remarks
Type I.D. Tests
Pressure P22 All P21 provides backup
Transducers P24 All P23 provides similar data
P28 All P25 provides backup
SG7 All See Section 7.3.1 for discussion
sG9 All Principal stresses cannot be
Strain computed as S9 is 45° leg of
Gauges rosette,
SG15 All 8Gl6, 17 and 18 provide backup.
Acselerometers A2 All Acceleration data measured by
A2 is inconsistent with all
other data. See Section 7.4
for details
A48 All A47 and A49 show minimal
perpendicular accelerations,
consistent with other equipment
mounted accelerometers.

HNOTE:
1. Variations of readings due to D.C, offset, wild points and
instrument errors are discussed in Section 7.0,
MPL-01-220 3.21

Revision 0




Figure 3.1

SUPPRESSION POOL PRESSURE TRANSDUCER LOCATIONS -

PLAN VIEW
MPL=-01-220
Revision 0 3,22
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Figure 3.3
SRV DISCHARGE LINE PRESSURE TRANSDUCERS
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G 19, 20, 21,22,23,24

90° Figure 3.5
STRAIN GAUGE LOCATIONS - PLAN
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Figure 3.7
ACCELEROMETER LOCATIONS-STRUCTURE
(ELEVATION VIEW - ACCELEROMETERS ROTATED INTO VIEW)
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Figure 3.8
PIPE MOUNTED ACCELEROMETERS A38, A39, A40
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Figure 3.9
PIPE MOUNTED ACCELEROMETERS A4l1, A42, A43
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PIPE MOUNTED ACCELEROMETERS A44, Ad45, A46
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Figure 3.12
PIPE MOUNTED ACCELEROMETERS A50, A51, AS52
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4.0 TEST SEQUENCE AND EVENTS

The test program consists of one shakedown test, three
SVA/CVA tests and one MVA test as shown by Table 4.1.
Single actuation tests were conducted on the main test
valve (V-12) as well as both backup valves (V-10 and
V-11) with the MVA test performed on the 4 planned
valves (V-2, V=7, V=12 and V-17). As noted in Table
4.1, valve V=12 was leaking prior to the MVA test, so
data collected by the V-12 line and adjacent pressure
sensors can be considered as indicative of typical
results for a leaking valve.

The data collected, on the DAS, for the shakedown test
(sD1) was lost due to a malfunction in the tape
recorder. However, the real time oscillograph data
recorded demonstrated that the instrumentation was
functioning correctly and the signal conditioning was
set at the correct gain settings. Therefore, it was
concluded that the test had served its function and
testing could proceed to MT10/MTLl.

On completion of test MT70 all principal test valves
demonstrated some degree'of leakage, and the program was
suspended. Following a detailed review of the data, it
was determined that the SRV hydrodynamic loads were
bounded by expected pressures, and the measured strains,
and building and equipment responses were small compared
to expected values. Results of the initial data reduc-
tion were submitted to the NRC, References 11, 12, and
13, for their review and con~urrence in terminating the
tests. The NRC has responded, Reference 14, that,
subject to review of the final test report sufficient
test data has been collected to satisfy Grand Gulf FSAR
and licensing commitments and no further testing is
required.

MPL-01-220 &1
Revision 0
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Table 4.1
TEST MATRIX

valve (}) Initial Conditions Discharge Valve Closure | Reactor

SRVDL Pool Power Time Prior to Press.
A Sec.
e Mater tovel | Tewp. 1°7) | tovel (w) | Tio® (Sec.) DVA (Sec.) (psiq)

v-12 NWL 74 70.9 5 N/A 982.0
v-10 NWL. 74 60.4 20 N/A 976.0
v-10 AWL : 5 45
v-11 NWL 74 68.0 20 N/A 983.6
v-11 AWL 5 45
v-11 NWL 75 69.2 20 N/A 984.0
v-11 AWL 5 45
v-2,v-7, nwe.(2) 85.5 72.1 15,25,45,135 N/A 1001.7
V-lZ.V-l'l

= Shakedown Test SVA = Single Valve First Actuation

= MaLrix Test CVA = Single Valve Consecutive Actuation

. = Normal Water Level, i.e. water surface within SRVDL is coincident with suppression pool
= Actual water Level, i.e. water level dependent on SRVDL internal pressure

(1) Control room switch designations V-2 = F0418, V-7 = F047D, V-10 = FOS51ID, V-11 = FO47A, V-12 = FO41E, V-17 = FO47G.
2) V-12 was leaking during this test and SRVDL had approximately 4 psi internal pressure at test, all other lines were NWL.




REAL TIME DATA SENSORS AND ACCEPTANCE CRITERIA

During the test program data from 140 sensors were
recorded on the DAS. Approximately 25% of the sensors
were reviewed in real time by simultaneously recording
the signals on oscillograph recorders. Acceptance
criteria for all of the real time data channels were
developed prior to the test and are presented in
References 6 through 8 and summarized in the test
procedures References 4 and 5. The Level 1 acceptance
criteria were calculated based on plant design values
while the Level 2 acceptance criteria are the expected
results at test conditions. Exceedance of Level 2
acceptance criteria served as a warning, but did not
halt testing. Exceedance of Level 1 criteria required a
delay in testing until investigation of the exceedances
ensured that continuation of testing would not jeopar-
dize plant safety.

The real time channels selected for recording repre-
sented the locations of maximum expected response. The
measured real time data initially showed some peak
pressure and accelerometer readings which exceeded the
Level 1 acceptance criteria. For each of these cases,
the signals were filtered to remove frequencies above
100 Hz and recorded with a fast Fourier transform (FFT)
analyzer. Each of these was investigated individually
and shown to be acceptable.

MPL-01-220 91
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6.0 DATA REDUCTION
6.1 Introduction

The measured time-~histories for each of the 140 instru-
mentation channels, were recorded by the QSI-721 Data
Acquisition System (DAS) on magnetic tape for off-line
processing. The data recorded by the DAS was digitally
filtered at 200 Hz during recording. As described
below, the recorded time histories have been further
filtered tc 100 Hz corresponding to the cutoff frequen=-
cies used in the original Grand Gulf dynamic analyses.
On completion of each test, real time data were compared
against the acceptance criteria.

The final data processing and reduction was performed
using the software package, REDUCE, Version 1.2.0.
REDUCE is a compilation of NUTECH proprietary codes
developed for this purpose. The data reduction was
performed on a CYBER-730 system.

The software package REDUCE processed the raw digitized
data for each channel. The major tasks involved in this
process included converting the stored digitized sensor
voltages from the binary system into decimal equiva=-
lents, demultiplexing the digitized data, and converting
the signal from voltage to engineering units. The next
step in the data reduction process was to filter the
original time-histories and perform a frequency analysis
of each data channel. This portion of the data reduc-
tion included removal of D.C. offset, digital low pass
filtering at 100 Hz, performance of the frequency
analysis and calculation of the power spectral densities
(PSDs). Acceleration response spectra were developed

MPL=-01-220 6.1
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6.2

for one percent of critical damping for structure
mounted accelerometers.

Data Tape Information

A total of two magnetic tapes were used to store the
data recorded from the SRV test program. Table 6.1
provides the reel number, file numb:r and the number of
records for each test. Each record contains 3952 8-bit
bytes of data. This corresponds to 13 time steps per
record when sampling 152 data channels, since each
sampled data point is represented by two 8-bit words
(e.g., 3952 = 2x152x13).

A data acquisition rate of 1000 samples per second was
used for each test. There were approximately 15 seconds
of pre~test signal prior to the initial valve actuation
for each test.

Standard Processing Approach

The following processing and data reduction steps were
performed on all sensors.

A. Convert tne binary digit stream on the data tape to
decimal voltage numbers.

B. Demultiplex the data fo. each channel and convert
the signal to engineering units by dividing the
voltage values by the sensor's calibration factcr.

C. Remove unwanted D.C. offset, transducer bias or
thermal drift from the data to obtain only the
dynamic portion of the transient.

MPL-01-220 6.2
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D. Low pass filter the data at 100 Hz to remove any
unwanted high frequency noise.

6.4 Strain Gauge Analysis

The maximum and minimum peak values and the time at
which the peak occurs were calculated for each strain
gauge. A frequency analysis was performed and the power
spectral densities (PSDs) were computed for each strain
gauge. Axial and bending stresses were calculated for
each group of axially located gauges and used to develop
combined stress time-histories.

6.5 Pressure Transducer Analysis

The maximum and minimum values of the filtered pressure
time-histories were tabulated for each pressure trans-
ducer. PSDs were also developed for each pressure
transducer.

6.6 Accelerometer Analysis

In addition to tabulation of maximum and minimum values,
PSDs and acceleration response spectra were developed
for each sensor from the filtered time~histories.
Response spectra were computed at one percent of criti-
cal damping. Response spectra envelopes for SVA, CVA
and MVA test data for each structure mounted acceler-
ometer were plotted.

The recorded acceleration time-histories for containment
mounted accelerometers exhibited some DC offset for the
SVA tests. This appears to be a result of charge ampli-
fier saturation, probably caused by a high frequency
acoustic type wave induced by the initial air clearing
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spike. The effect of this saturation is to induce an
offset in the zero datum of the signal which takes
approximately one second to recover. As described in
Reference 15, Wyle Laboratories has previously investi-
gated the effect of this offset and determined that the
signal provides an accurate measure of the containment
response. The data reduction program was able to remove
most of the DC offset, but in some cases, where the
offset was large compared to the magnitude of the
recorded data, some traces of the offset remain. The
effect of this is most pronounced in the low frequency
(less than 20 Hz) parts of the acceleration response
spectra.

&7 Channels Analyzed

The following number of channels were analyzed for the
SRV Test Program:

Type Number
Strain 32 + 20 (for
fatigue evaluation)
Pressure 32
Accelerometers 56

In addition, four channels were monitored to provide
valve actuation signals. This yields a total of 144
sampled data channels. In order to maintain a record
size of 3952 8-bit bytes and 13 time steps per record, a
total of 152 sampled channels were needed. Thus, eight
blank channels were sampled by the data acquisition
system,
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Table 6.1

DATA TAPE CONTENTS

Record
No. at
Tape Total which
Reel File No. of Test
Test No. No. Records Starts Remarks
SD-1 - - - - Malfunction of DAS
No data collected
MT-10/MT~-11 2 1 8011 1090/6280 Actuation of V=10
MT=-20/MT=21 2 } 7382 9170/14160 Actuation of V-1l
MT-30/MT=-31 3 1 7972 1200/6230 Actuation of V=11
MT-70 3 3 6077 950 Actuation of V=2,
V=7, V=12 and V=17
NOTE :
l. MT10/MT11 and MT20/MT2]1 are on a single file. MT20/MT21 is from

record 8012 to 15393.
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7.0 DISCUSSION OF RESULTS

This section provides a discussion of the pressure,
strain, and acceleration results. Each discussion high-
lights the major observations derived from the data.
Comparisons of single (both first and consecutive actua-
tions) and multiple valve actuations are included.

Tl Suppression Pool Boundary Pressures

As described in Section 3.0, pressure transducers were
located on the basemat, the drywell wall and the con-
tainment liner. Pressure sensors located within two
quencher arm radii (2!0) were used to record peak bubble
pressure fcor each test.

7.1.1 Single Valve First Actuations

All single valve first actuation tests were conducted
with the SRVDL water level coincident with the suppres-
sion pool surface. In addition, a minimum time interval
of two hours between actuation of the same valve (V-1l
for MT20 and MT30) was allowed to ensure the SRVDL had
cooled to steady state tenpzrature. All tests were con-
ducted without any suppression pool circulation. By
using different valves for the single valve first actua-
tion tests, all three tests were conducted as cold pipe
first actuations with the same initial conditions for
each test.

Typical measured pressure time histories for single
valve first actuation tests are given as Figures 7.1 to
7.4. These time histories show the initial trace with a
high frequency, high amplitude, pressure characteristic
of air bubbles emanating from single columns of holes
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which is coincident with the high pressure spike inside
the quencher hub. This is followed by lower frequency
air clearing of all rows of holes in the gquencher arm,
and finally by a characteristic high frequency, low
amplitude, steam condensation oscillation pressure
trace.

Table 7.1 provides a listing of the maximum/minimum
measured pressures for all pool mounted pressure trans-
ducers. Review of the recorded first actuation data
presented in Table 7.1 shows that the maximum positive
and negative pressures of +4.63/-5.78 psid were recorded
by P12 during test MT10 on quencher V-10. These are
much less than the design pressures of +18.2/-7.7 psid.

A frequency analysis for the suppression pool pressure
transducer time histo-ies was performed to produce power
spectral density functions (PSDs). Predominant frequen-
cies for the initial clearing phenomenon are 30-40 Hz,
with typically only one to two cycles, followed by the
classically predicted Rayleigh bubble frequencies of
7-12 Hz. In most traces the Rayleigh bubble portion is
followed by high frequency, low amplitude, steam con-
densation oscillation. The fundamental frequency of the
steam condensation oscillation is in the range of 70-80
Hz. Typical SVA PSDs are provided as Figures 7.5 and
7.6.

Consecutive Valve Actuations
Three consecutive valve actuations were performed 45

seconds after closure of the first actuation of the same
valve. The SRVDL air bleed system, used prior to first
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actuations to ensure that the water level in the dis-
charge line was coincident with the suppression pool
surface, was not used prior to any CVA. This ensured
that the CVAs were performed with water legs representa-
tive of the worst possible case during plant opera-
tion. Because all SVA/CVA actuations were performed on
SRVDLs which had no in-line pressure transducers it is
not possible to define the reflood or actual water level
prior to a consecutive actuation.

Typical consecutive valve pressure transient time his-
tories are given in Figures 7.7 to 7.10 with typical
consecutive valve PSDs provided as Figures 7.11 and
7.12. The typical measured CVA pressure time history
has a higher amplitude than the SVAs and a higher
frequency content for the major portion of the time
history. Also, the initial high frequency air clearing
seen during the SVAs is less pronounced for the CVAs.
The time history traces shown in Figures 7.7 and 7.8 are
close to the GE predicted classical Rayleigh air bubble
with typical frequency contents of 10 to 15 Hz. The
peak measured CVA pressures were +7.44/-4.47 psid for P6
during MT31 and +7.47/-3.67 psid for P12 during MTll.
These are considerably less than the design values of
+18.2/-7.7 psid.

Multiple Valve Actuation

One multiple (four) valve test was conducted using
quenchers V-2, V-7, V-12 and V-17. Because of previous
testing, the SRV associated with guencher V-12 was
leaking, such that prior to valve actuation the SRVDL
was pressurized with the water level depressed an
unknown amount below the suppression poocl normal
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level. Therefore, the four valve test produced three
normal cold pipe single valve first actuation results
(V=2, V=7 and V-17) and cne hot pipe leaking valve
actuation (V-12)., Actuation of all four valves was
achieved by the use of a temporary switch which
permitted simultaneous actuation of the valves with
independent closing tc minimize reactor water level
swell and the possibilities of a scram.

Typical recorded pressure time histories are provided as
Figures 7.13 to 7.16 with typical PSDs presented as
Figures 7.17 and 7.18. The peak pressures measured
during MT70 were +4.,06/-2.60 psid for P29. These are
less than the expected values of +7.7/-4.4 psid and
design values of +10.3/-6.4 psid. The peak measured
pressures varied from +3.3/-2.10 psid for pressure
transducers close to the leaking V-12 to +4.06/-2.60
psid for pressure transducers close to the other valves.
As shown by Figures 7.17 and 7.18 the most noticeable
difference between the cold pipe pressure time histories
and the leaking valve results is a frequency shift from
7 to 15 Hz. This is similar to the shift seen from the
7-12 Hz for SVA to 10~15 Hz for the CVA and does not
represent unexpected behavior or a major frequency shift
for the multiple valve case.

Statistical Suppression Pool Pressure Review

More information was obtained from the pressure data by
performing a statistical analysis of this data. A
value, P, was determined with 95% confidence below which
95% of the normal distribution lies. This 95-95% limit
corresponds to the confidence limit applied to previous
data used in the development of the CLR pool pressure
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methodology, Reference 9. The 95-95% limit is calcu-
lated using the following equation:

P=X+ St

where

95-95% limit
measured peak pressure sample mean
= sanple standard deviation

r w X T
n

= one-sided tolerance factor

The tolerance factor is inversely proportional to the
number of data points in the sample.

Prior to performing the statistical analysis, data to be
included in the sample were individually reviewed and
compared to ensure similarity.

The calculation was performed for three different cases:
Single valve first actuation (SVA), single valve consec-
utive actuation (CVA) and multiple valve actuation
(MVA). Only data sensors which are expected to sense
full quencher discharge pressure, i.e. sensors located
within two gquencher arm radii (2r°), are included in the
sample group. The MVA data was also included in the SVA
group, because the MVA can be characterized as three
simultaneous SVAs (the results for the leaking V-12 were
omitted from the sample). As shown in the Test Matrix,
Table 4.1, the MVA test was conducted at a suppression
pool temperature 10°F higher than the SVA/CVA tests.

The effect of this temperature difference was calcu-
lated, using the GESSAR methodology described in
Appendix 6D of the Grand Gulf Final Safety Analysis
Report, to be less than +0.2 psid. This small differ-
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7.2

ence is conservative and within the accuracy of the

measured data. For the SVA group, 19 data points were
available, corresponding to a t factor of 2.41; for the
CVA group, 13 data points were available, and the t
factor was 2.68; for the MVA group, 9 data points were
available, and the t factor was 2.99.

As shown in Tables 7.2, 7.3 and 7.4 the calculated 95-95
pressures are +4.98/-5.51 psid for the SVA, +8.52/-4.62
psid for the CVA and +5.53/-3.55 psid for the MVA. As
shown in Table 9.1, the calculated 95-95 pressures for
SVA, MVA and CVA are well below the design values for
Grand Gulf.

SRVDL and Quencher Internal Pressures

As described in Section 3.0 pressure transducers were
located in the SRVDL, and in the quencher hub and arm
for quencher V-12.

Quencher V-12 contains all the line and quencher pres-
sure instrumencation and was only used for two tests
(SD1 and MT70). Therefore, the only data available from
these sensors is the unfiltered oscillograph records for
SDl, no digitized data available due to failure of DAS
tape drive, and leaking valve data from MT70. The peak
line pressure observed from the unfiltered SDl data is a
high frequency spike with a magnitude of 450 psi,
compared to the 550 psi design. No data is available
for the quencher hub pressure for SDl as P23 was not
recorded on oscillograph records. The corresponding
peak pressure measured for MT70 is 282 psi in the SRVDL

MPL=-01-220 7.6
Revision 0



7.3

7.3.1

and 242 psi in the guencher hub. These are approxi-
mately half of the design value of 550 psi.

Strain Data

Strain gauge locations are described in Table 3.2 and
Figures 3.4 and 3.5. The measured strain data have been
reduced and tabulated in Table 7.5 which provides a
listing of peak measured strain for each test along with
the expected value for each gauge. Representative
strain time-~history plots are presented in Figures 7.9
through 7.21.

Quencher Support Strains

Strain gauges were mounted on the V=12 quencher support
to measure the strains during discharge of V-12 and also
induced loads by discharge of an adjacent quencher
(V=11). During the actual tests V-12 was used for two
tests. For test SD1 the DAS malfunctioned and no data
was collected and MT70 represented a leaking valve
condition.

Figure 7.21 provides a typical strain time history for
SG6, mounted on the horizontal quencher support, during
discharge of V-12. The quencher support strains are
small compared to the expected test values. The peak
measured strain for the vertical support is 20 )in/in.
The peak measured strain for the cantilever support is
22 )in/in compared toc an expected test value of

98 )in/in. For tests involving quenchers V-10 or V-1l
no distinct strains related to discharge loads can be
defined from the general background noise.
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Strain gauge SG7 measured a well defined strain time
history corresponding to the shape of the pressure
waves. This is not observed for the other gauges
mounted on the quencher support nor any of the other
submerged structure strain gauges. Therefore, it is
reasonable to assume that SG7 has become partially

detached from the support and is providing incorrect
measurements. Therefore, SG7 measured results are not
used in this report.

The measured strain da‘'a was used to determine the
maximum axial and prircipal stresses in the quencher
support. Because of failure of SG9 principal stresses
were only calculated for the vertical portion of the
quencher support. The maximum shear stress was 280 psi
during blowdown of quencher V-12., The maximum principal
stress was 510 psi compared to the predicted value of
1035 psi. The maximum axial stress in the cantilever
portion of the support was 645 psi.

Submerged Piping Strains

Figure 7.20 provides a strain time history for a pipe
mounted strain gauge. This time history is typical, for
all tests, for gauges mounted on the RCIC turbine
exhaust line (adjacent to V-12) and those mounted on the
RHR A pump test line (midway between V-1l and V=12).
Strain gauges mounted on these two lines measured a
maximum strain of 12 )in/in compared to an expected
value of 56 )in/in. The peak calculated axial stress
was 260 psi. In general, regardless of which quencher
was discharged, the measured strain is always small when
compared to the expected value.
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7.3.3 Containment Liner Strains

Figure 7.19 shows a typical strain time history for a
base liner gauge. Strain gauges mounted on the contain=-
ment base liner measured the highest recorded strains
during the testing. Gauges SGll and SGl2 located midway
between V=10 and V-1l measured a maximum strain of

50 )in/in. This is ©% of the yield strain used for the
design of the liner. Gauges mounted on other portions
of the base liner and containment vessel wall liner
recorded smaller strains.

Based on the recorded strain data collected, the strains
induced by SRV discharge loads are very small and are

well within the expected values.

7.4 Accelerometer Data

A description of accelerometer locations is provided in
Section 3 and Tables 3.3, 3.4, and Figures 3.7 through
3.12.

Table 7.6 provides a tabulation of the peak measured
acceleration for each accelerometer, for each test. In
addition, the table provides average SVA and CVA
accelerations, and design and expected values. The
structural acceleration design values are taken from the
Grand Gulf design response spectra, and are equal to the
zero period acceleration (zpa) for the single valve
consecutive actuation (SRV . ) case. The accelerations
for accelerometers mounted on valves and the hydrogen
recombiner are taken directly from the appropriate
analyses. The expected values are 80% of the design
values. This ratio was selected based on the ratio of
peak predicted pool pressure from test to design
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conditions. Figures 7.22 through 7.24 give repre-
sentative acceleration time-history plots for accelero-
meter A5 for a SVA, CVA and MVA test. Envelope response
spectra for the SVA, CVA and MVA tests at 1% of critical
damping for each structure mounted accelerometer on the
containment, RPV pedestal, dr'well and Auxiliary
Building are presented in Section 8.

A review of Table 7.6 shows that the majority of peak
measured accelerations are considerably less than 50% of
the predicted value. The measured equipment responses
(A29 to AS52) are generally an order of magnitude less
than the predicted values and show that the high fre-
quency content of the SRV time histories are greatly
attenuated by the attached piping systems and floors.

Based on the very low levels of acceleration measured
during SD1, many of the accelerometers were set to maxi=-
mum sensitivity to try and read the very small induced
vibrations. The result of this was that the measured
signal is in many cases equal to, or less than, the
background noise. In general, as can be seen from Table
7.6, the measured acceleration is only a small fraction
of the expected value. In compiling Table 7.6, a number
of recorded accelerometer time histories which include
some anomalies such as D.C. offset, wild points, or
excessive background noise, were included when resulting
values were small or did not affect the final conclu-
sions. This happened most frequently for accelerometers
measuring very small magnitudes where 60 Hz noise some-
times dominated the data.

As noted above some of the measured acceleration time
histories contained anomalies such as D.C. offset, wild
points and an offset due to charge amplifier satura-
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tion. The data reduction program, REDUCE, was used to
remove such anomalies from the measured acceleration
time histories for A4, A25, and A26, for all SVA tests,
and from A7 and A8, for all tests. Other anomalies in
the measured acceleration time histories were:

o A2 is a vertical accelerometer located on the con=-
tainment base mat at elevation 93'-0" and azimuth
312° at radius 65'-0", outside the suppression
pool. This acceierometer recorded apparent maximum
vertical accelerations an order of magnitude higher
than those measured by all other vertical
accelerometers on the containment, drywell, RPV
pedestal and equipment. Therefore, it is concluded
that this accelerometer, or the signal condition-
ing, is malfunctioning and A2 results have been
omitted from Table 7.6 and the calculated spectra.

(6} Accelerometers All and Al2 were mounted at mid span
on the bottom flange of the polar crane rail girder
at elevation 237'-0". Accelerometer All measured
radial response and Al2 the vertical response.
Figure 7.25 shows a typical measured acceleration
time history for both accelerometers with a clear
ringing type response. The radial response for All
is approximately an order of magnitude higher than
th containment response at elevation 145'-7" (A7,

A9, AlO) and at the top of the dome (elevation
302'-3", Al4). This is a local response and has no
effect on the containment or polar crane design.
This is demonstrated by the very low accelerations
measured at mid-span of the polar crane girder (A29
to A3l) where the peak measured acceleration for
all tests was 0.02g.
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Table 7.1

MEASURED PEAK PRESSURE DATA (PSID)

1

P SVA Tests WA Test CVA Tests
MT10 MT20 MT30 MT70 MT11 MT21 MT31
- —
Pl +0.86/-0.41 +1.29/-1.51 +0.93/-1.29 +2.20/-2.35 +0.75/-0.59 +2.32/-1.68 +2.65/-2.04
P2 +0.88/-1.00 +1.89/-1.87 +1.30/-1.60 +1.46/-1.11 +0.98/-0.82 +2.23/-1.42 -2.46/-1.85
P3 +1.13/-0.80 +1.70/-1.76 +1.40/-1.59 +1.52/-1.48 +1.15/-0.70 +1.76/-1.24 +1.92/-1.57
P4 +0.51/-0.47 +0.97/-0.98 +1.14/-0.83 +0.55/-0.64 +0.54/-0.62 +1.60/-1.10 +2.07/-1.73
PS +0.97/-0.71 +1.94/-2.10 +2.15/-2.04 +0.80/-0.89 +1.27/-0.76 +3.42/-2.63 +4.49/-3.29
Pé +1.20/-1.30 +3.00/-3.70 +3.08/-2.60 +1.07/-0.81 +1.68/-1.29 +5.48/-3.35 +7.44/-4. 47
P7 +1.53/-1.63 +2.97/-3.26 +3.24/-2.58 +1.28/-1.05 +2.29/-1.10 +3.69/-3.27 +4.99/-3.68
P8 +0.76/-1.17 +2.47/-2.54 +2.58/-2.20 +1.59/-1.20 +1.33/-0.97 +3.68/-2.71 +4.27/-3.12
P9 +2.45/-2.28 +3.68/-3.23 +3.31/-2.87 +0.14/-0.96 +2.83/-1.70 +2.68/-2.00 +3.01/-2.47
P10 +1.58/-1.59 +2.25/-2.09 +1.82/-1.94 +1.08/-0.73 +1.70/-1.13) +2.18/-1.75 +2.58/-1.92
Pl +0.86/-0.46 +0.77/-0.85 +0.60/-0.94 +0.44/-0.33 +0.86/-0.42 +0.89/-0.74 +0.96/~-1.02
P12 +4.63/-5.78 +4.12/-4.20 +4.18/-4.89 +1.48/-1.14 +7.47/-3.67 +4.56/-2.81 +5.17/-2.98
Pl3 +3.10/-3.30 +1.49/-1.58 +1.05/-1.49 +1.02/-0.99 +5.50/-3.50 +1.85/-1.33 +2.27/-1.53
Pl4 +3.34/-2.87 +2.04/-1.67 +1.63/-1.64 +1.15/-0.97 +3.28/-2.76 +1.53/-0.96 +1.91/-1.28
P1S +2.49/-2.26 +2.03/-1.54 +1.79/-1.52 +1.02/-1.02 +2.57/-1.74 +1.37/-1.14 +1.52/-1.22
P16 +1.42/-1.48 +1.08/-0.73 +0.93/-0.71 +1.30/-0.65 +1.70/-1.26 +0.70/-0.37 +0.79/-0.55
P17 +2.02/~1.66 +1.35/-1.15 +1.17/-1.20 +1.67/-1.07 +2.04/-1.15 +0.52/-0.36 +0.66/-0.60
Pi8 +0.36/-0.40 +0.05/-0.16 +0.10/-0.16 +1.55/-1.50 +0.29/-0.30 +0.15/-0.09 +0.14/-0.12
P19 +0.53/-0.34 +0.27/-0.38 +0.25/-0.41 +2.75/-2.40 +0.44/-0.28 +0.09/-0.18 +0.14/-0.21
P20 +0.09/-0,12 +0.14/-0,15 +0.09/-0.16 +2.77/-1.52 +0,.08/-0.04 +0.20/-0.10 +0.12/-0.12
P26 +0.87/-0.64 +1.34/-1.51 +0.72/-0.89 +0.70/-0.67 +0.98/-1.07 +1.43/-1.30 +1.49/-1.66
P27 +1.09/-0.97 +1.86/-2.14 +1.28/-1.14 +0.R8/-0.80 +1,25/-1.85% +2.10/-1.75% +2.33/-2.26
P29 +0.15/-0.10 +0.10/-0.18 +0.11/-0.12 +4.06/-2.60 +0.11/-0.05 +0.20/-0.09 +0.14/-0.18
P30 +0.82/-0.45 +0.31/-0.47 +0.40/-0.49 +3.32/-2.10 +0,.5%4/-0,32 +0.19/-0.14 +0.24/-0,19
P3l +0.10/-0.56 +0.13/-0.15 +0.11/-0.14 +3.59/-1.94 +0.06/-0.05 +0.16/-0.09 +0.13/-0.15
P32 +0.12/-0.10 +0.11/-0.20 +0.11/-0,13 +3.56/-2.20 +0.07/-0.10 +0.14/-0.08 +0.13/-0.14
Peak +4.63 +4.12 +4.18 +4.06 +7.47 +5.48 +7.44
Pressures -5.78 -4.20 ~-4.89 -2.60 -3.67 -3.35 -4.47




Table 7.

2

SVA 95-95 PRESSURES (PSID)

it PRSI Pos?::zzredﬁrGSZQZ:ive
MT10 Pl2 +4.62 -5.78
P13 +3.10 -3.30
Pi4 +3.34 -2.87
MT20 PS5 +1.94 -2.10
P6 +3.00 -3.70
F7 +2.97 -3.26
P8 +2.47 -2.54
P12 +4.12 -4.20
MT30 P5 +2.15 -2.04
P6 +3.80 -2.06
P7 +3.24 -2.58
P8 +2.58 -2.20
Pl2 +4.18 -4.89
MT70 P19 +2.75 -2.40
P20 +2.77 =1.52
F29 +4.06 -2.60
P30 +3.32 -2.10
P31 +3.59 -1.94
P32 +3.56 -2.20

Positive Pressure

X = 3.24
S = 0,72

95-95 pressure = +4.98 psid
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Negative Pressure

X = -2.88
S = -1-09

$5-95 pressure = -5,51 psid
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Table 7.3
CVA 95-95 PRESSURES (PSID)

Measured Pressure
et eARGE Positive Negative
MT11 P12 +7.47 -3.67

P13 +5.50 -3.50
Pl4 +3.28 -2.76
MT21 P5 +3.42 -2,63
P6 +5.48 -3.35
P7 +3.69 -3.,27
P8 +3.68 =-2.71
P12 +4.56 -2.81
MT31 P5 +4.49 -3.29
P7 +4.,99 -3.68
Positive Pressure Negative Pressure
X = 4,88 X = =-3.25
S = 1.36 S = -0051

95-95 pressure = +8.52 psid 95-95 pressure = -4,62 psid
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Table 7.4
MVA 95-95 PRESSURES (PSID)

Toss im0 Bt T R
MT70 Pl +2.20 -2.35
P2 +1.46 -1.11
P8 +1.59 -1.20
P19 +2.75 -2.40
P20 +2.77 -1.52
P29 +4.06 -2.60
P30 +3.32 -2.10
P31 +3.59 -1.94
P32 +3.56 -2.20
Positive Pressure Negative Pressure
X = 2,81 X = -1.94
S = 0.91 S = -0.54
tg = 2.99
95-95 pressure = +5.53 psid 95-95 pressure = -3,55 psid
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Table 7.5
PEAK_STRAIN DATA (vin/in)

e
Sensor i MVA Test W Toeka Expected

MTI1O MT20 MT30 MT70 MT11 MT21 MT31 Value
sl 2 4 3 16 2 5 5 (1)
s2 13 10 11 8 17 10 9 ()
s3 18 12 11 7 15 8 11 (1)
54 31 20 20 10 34 15 22 (n
sS 3 2 3 12 2 4 5 98
56 1 3 3 17 2 3 6 98
S8 3 4 2 22 2 3 3 98
S10 2 k) 2 9 2 3 B (2)
s 12 9 9 8 11 13 12 ()
s12 43 50 41 18 42 32 31 ()
513 4 3 3 7 4 3 S (1)
514 5 5 S 5 3 4 5 ()
516 1 3 3 9 | 6 12 56
517 3 K 5 5 3 6 12 56
S18 3 El 4 6 2 3 S 56
519 2 4 1 5 2 3 5 44
520 1 3 3 8 2 3 3 44
521 1 5 S 5 5 ! Kl 44
5§22 1 5 4 7 2 3 4 54
s23 2 3} 3 | 2 4 3 (2)
524 i 3 3 8 | 3 k! 44
$25 1 4 3 5 ) Kl 5 (B3]
526 1 3} 2 7 2 5 Rl (1
s27 3 4 4 S 3 5 4 (1)
528 3 5 5 7 2 E) 7 (1)
529 4 5 5 7 3 4 6 (2)
$30 2 3 4 19 3 3 7 22
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